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The fossil fuel consumption and pollutant emissions in a coal fired fluidized bed boiler could be reduced by biomass pyrolysis gas 
reburning. The influence of three kinds of biomass pyrolysis gases on the emission of N2O in a laboratory scale fluidized bed was 
investigated using the mechanism of GRI3.0 in this paper. The results showed that: the effect of sawdust pyrolysis gas reburning 
on N2O was more significant than that of rice husk and orange peel under the same conditions; the increase of initial oxygen con-
tent from 1% to 8% in flue gas would restrain the decomposition of N2O; the N2O decomposition was enhanced by increasing 
reaction temperature from 1073.15 K to 1323.15 K, and the decomposition rate may reach 99% at 1223.15 K. 
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Biomass fuels is a form of renewable energy source, which 
can be considered CO2 neutral fuels and giving lower emis-
sions of SO2, NOx, and heavy metals respect to coals. NOx 
emissions could be reduced by using biomass, which contains 
low nitrogen and high volatile content [1–3]. As a normal 
power generation technology, biomass co-firing was initiated 
in Europe and the United States in the 1980s. Now there are 
more than 150 biomass co-firing power generation projects in 
the world [4,5]. This technique can reduce the emissions of 
NOx and CO2 with lower fuel costs [6]. The typical biomass 
includes sawdust, agricultural wastes, animal wastes and an-
thropomorphic wastes. The most popular approaches to bio-
mass utilization in electric power generation include [4,7–11]: 
(1) Blending biomass with coal on the fuel pile: biomass 
and coal are mixed first, then milled and injected into the 
boiler combustor; 
(2) Co-firing with separate injection: biomass and coal 
are mixed and burned in the boiler after being injected into 
the boiler separately; 
(3) Gasification-based co-firing (also named reburning):  
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biomass is gasified first and then injected into the boiler for 
burning together with the waste gas produced from coal 
combusting. 
Compared with indirect co-firing, there are some disad-
vantages for blending biomass with coal on the fuel pile and 
co-firing with separate injection [5,12]: 
(1) With various shapes, biomass is difficult for frag-
mentation and may cause plugging in bunkers; 
(2) Biomass contains high alkali metal and chlorine con-
tent, which may cause slagging and corrosion in coal-fired 
boilers with coal and have effect on the utilization of 
co-firing ash; 
(3) Co-firing of biomass with coal may result in the 
deactivation of catalysts in denitration system. 
In recent years, the large-scale coal-fired circulating flu-
idized bed (CFB) has been developed at a very fast pace 
with some problems correspondingly. As a greenhouse gas, 
N2O concentration produced in CFB is about 39 to 589 mg 
N−1 m−3, sometimes as high as 786 mg N−1 m−3, while it is 
generally less than 20 mg N−1 m−3 in traditional pulverized 
coal boiler [13,14]. The radial H produced in the process of 
fuel gas reburning has significant serious influence on N2O 
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reduction [15]. The combustible material of biomass pyro-
lysis gas mainly contains H2, CH4 and CO, which are help-
ful to reduce nitrogen oxide emissions [5, 16, 17]. Because 
of low alkali metal and chlorine content, the gasified gas for 
co-firing can avoid most of the problems associated with 
direct co-firing, such as boiler fouling, corrosion and the 
utilization of co-firing ash. Therefore, reburning is consid-
ered as a promising technology. The effect on NOx reduc-
tion depends on the type of fuel gases. CH4 and H2 are more 
effective than CO, which is enhanced by using catalysis and 
is influenced by the oxygen content in the flue gas [18–23]. 
The N2O emission increases with the increase of excess air 
coefficient. The effect of strengthening air stage, the circulat-
ing material rate of quartz and coal particle was slight. The 
combustion of high rank coal produced more N2O [16,13]. 
Besides, the N2O emission was also influenced by the flow of 
fuel gases into the reactor and the feed point of coal [24]. 
In a small scale fluidized bed reactor, experiments of 
N2O emission influenced by biomass pyrolysis gas reburn-
ing were carried out by Dong et al. [25,26]. The results 
showed that: the N2O decomposition rate was improved by 
the increase of reburning temperature. With a biomass py-
rolysis gas proportion of 1% and a reburning temperature of 
1123.15 K, the rate was nearly 100%. The oxygen content 
of flue gas has a negative effect on N2O decomposition, 
which is delayed by the increase of biomass pyrolysis gas. 
Based on the results above, the following reactions on N2O 
reduction by reburning should be given more attention takes 
the most part in further research [27]: 
 + ⇔ +2 2N O H N OH,  (1) 
 ( ) ( )+ ⇔ + +2 2N O M N O M ,  (2) 
 + ⇔ +2 3 2 3N O CH N CH O.  (3) 
In this paper, N2O reduction is influenced obviously by 
the composition of biomass pyrolysis gas. With varied ini-
tial oxygen content, reaction temperature and the ratio of 
reburning fuel gases, sawdust, rice husk, and orange peel 
were chosen as the typical agricultural and forestry waste in 
this research. 
1  Objectives and methodology 
Reburning gas from sawdust, rice husk, and orange peel is 
produced by fast pyrolysis process at a temperature of 
1123.15 K. Ultimate analysis, proximate analysis and pyro-
lysis gas components of them were given in [28]. 
The height of reactor was defined as the distance from 
the biomass pyrolysis gas inlet to the exhaust gas outlet, 
which is approximately 90 cm as shown in Figure 1. The 
construction of the model was based on the experimental 
part in literature [25,26]. In the chemical reaction process, 
the following assumptions have been made: (1) Biomass 
pyrolysis gas and flue gas were mixed perfectly before en- 
 
Figure 1  The schematic diagram of biomass pyrolysis gas reburning. 
Table 1  Species in the modela) 
Species in the model 
H2  H  O  O2  OH  H2O  HO2  H2O2  C  CH  CH2  CH2(S)  
CH3  CH4  CO  CO2  HCO  CH2O  CH2OH  CH3O  CH3OH  
C2H  C2H2  C2H3  C2H4  C2H5  C2H6  HCCO  CH2CO  
HCCOH  AR  N  NH  NH2  NH3  NNH  NO  NO2  N2O  
HNO  CN  HCN  H2CN  HCNN  HCNO  HOCN  HNCO  
NCO  N2  AR  C3H7  C3H8  CH2CHO  CH3CHO 
a) http://www.me.berkeley.edu/gri-mech/version30/text30.html. 
 
tering the reaction tube; (2) the influence of mixing in the ac-
tual process was ignored; (3) The defined temperature at the 
inlet of the reactor was reached instantly, and the influence of 
temperature rise was ignored; (4) The plug flow model was 
used. The reaction mechanism was based on GRI3.0, which 
contains 325 chemical reactions and 53 species, whose detail 
information of species was given at Table 1. 
The following equations of N2O decomposition rate, NO 
formation rate and NO2 formation rate were chosen to 
evaluate N2O reduction: 
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where N2Oin and N2Oout are the mole fraction of N2O before 
and after the reaction respectively; NOout and NO2out are the 
mole fraction of NO and NO2 after the reaction respectively. 
2  Results and discussion 
2.1  The influence of initial oxygen content 
Under the conditions of reaction temperature T=1173.15 K,  
N2O concentration c=2800 ppm, residence time t=0.17 s and  
the fraction content of biomass pyrolysis gas in flue gas  
R=1%, and varied initial oxygen content, the comparison of  
the three kinds of biomass pyrolysis gas was shown in Fig- 
ure 2. The results showed that the reduction effect of saw- 
dust pyrolysis gas was better than that of orange peel and  
rice husk. The variation trend of different biomass pyrolysis  
gas influenced by initial oxygen content was consistent.  
When the initial oxygen content increased from 0 to 3%,  
the N2O decomposition rate decreased quickly. With initial  
oxygen content was above 3%, the decomposition rate be- 
come insensitive. In the process of decomposition, the H  
radial was consumed during the biomass pyrolysis gas re- 
burning process. With the increase of initial oxygen content,  
H radial reacts with O radial thus decrease the H radial  
concentration. On the other side, the reverse reaction of  
N2O(+M) ⇔ N2+O(+M) occurred with oxygen content in-
creased. Additionally, the effect difference of the three kinds 
biomass pyrolysis gas on N2O decreased at the same time 
[25]. Therefore, when biomass pyrolysis gas was used for 
reburning, higher N2O decomposition rate could be 
achieved by choosing initial oxygen content less than 3%. 
Using pyrolysis gas of sawdust, rice husk or orange peel, 
the influence trend of residence time on N2O was similar. 
Take sawdust as an example, the effect of residence time 
and oxygen content on N2O was shown in Figure 3. Keep-
ing the oxygen content constant, the N2O decomposition 
rate increased quickly when residence time varied from 0 s 
 
 
Figure 2  The influence of oxygen content on N2O decomposition 
(T=1173.15 K, N2O/O2/N2, 
2N O
c =2800 ppm, t=0.17 s, Rb=1.0%). 
to 0.04 s; while it increased slowly when residence time was 
longer than 0.04 s. Because the residence time in CFB was 
more than 0.17 s, the N2O decomposition rate increased 
slowly with residence time. 
2.2  The influence of reaction temperature 
As is shown in Figure 4, the N2O decomposition rate in-
creased along with bed temperature from 1073.15 K to 
1323.15 K. With a reburning fuel ratio of 1.0% and a reac-
tion temperature of 1223.15 K, the N2O reduction remained 
unchanged, close to complete decomposition. With the 
change of temperature, the effect of sawdust on N2O was 
better than that of rice husk and orange peel. 
As is shown in Figure 5, with the increase of reaction 
temperature, the residence time of stable N2O decomposi-
tion rates was shortened. When the temperature reaches  
1273.15 K, the N2O decomposition rate stayed 99% with a 
 
 
Figure 3  The influence of residence time and oxygen content of flue gas 
on N2O decomposition rate (Sawdust, T=1173.15 K, N2O/O2/N2, Rb=1.0%, 
2N O
c =2800 ppm). 
 
Figure 4  The influence of reburning fuels and reaction temperature on 




c =2800 ppm, t=0.17 s, Rb= 
1.0%). 
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Figure 5  The influence of residence time and reaction temperature on 
N2O decomposition rate (Sawdust, N2O/O2/N2, Ro2=1%, 
2N O
c =2800 ppm, 
Rb=1.0%). 
residence time of 0.02 s. The higher the reaction temperature, 
the more significant the reduction effect on N2O emission, 
which was in good agreement with the conclusion in litera-
ture [25]. 
2.3  The influence of biomass gas content 
Using pyrolysis gas of sawdust, rice husk or orange peel, 
the influence trend of biomass pyrolysis gas content of flue 
gas on N2O was the same. Taking sawdust for example, 
Figure 6 (a) showed the change of main species during N2O 
reduction process at the temperature of 1173.15 K and the 
reburning fuel gas ratio of 1%. At the reactor exit, O2, H2O, 
CO2 and N2 were the main species, while the concentration 
of combustible gases H2, CH4, CO, C2H4, C2H6, and pollut-
ants N2O, NO and NO2 were nearly zero. 
All reactions mainly happened in the section of 0-20 cm, 
where various components of sawdust pyrolysis gas reacted 
with N2O. In the process, the mole fractions of H2O and 
CO2 were increased. Figure 6(b) indicated that most of N2O 
was decomposed and converted into N2, while only a small 
portion converted into NO and NO2. Along with the reac-
tion tube, the NO formation rate increased gradually and 
remained constant at 2.7%; while the increasing speed of 
NO2 formation rate slowed down with a value of 0.015% at 
the outlet of reactor. In a word, 1.35% of N2O injected was 
converted into NO and 0.0075% was converted into NO2 
under the operating conditions. 
As is shown in Figure 7, with a certain reaction tempera-
ture, N2O concentration and flue gas composition, N2O de-
composition rate was directly proportional to sawdust pyro-
lysis gas from 0.1% to 1%, especially at a distance of 0–20 
cm. This was consistent with the conclusion in literature 
[25], where the N2O decomposition rate increased with re-
burning fuel ratio from 0.4% to 1.4%. 
 
Figure 6  The mole fractions of main species(a) and the formation rate of 
NO and NO2 (b) in the reduction process of N2O (Sawdust, T=1173.15 K, 
N2O/O2/N2, Ro2=1%, 
2N O
c =2800 ppm, Rb=1.0%, t=0.17 s). 
 
Figure 7  The influence of different pyrolysis gas concentration on N2O 
at different position of the reactor (Sawdust, T=1173.15 K, N2O/O2/N2, 
Ro2=1%, 
2N O
c =2800 ppm, t=0.17 s). 
3  Conclusions 
Based on the studies about the influence of pyrolysis gas of 
sawdust, rice husk and orange peel on N2O reduction under 
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CFB conditions, the following conclusions could be drawn: 
(1) Under the same conditions, the reduction effect of 
sawdust pyrolysis gas on N2O was better than that of rice 
husk and orange peel; 
(2) N2O decomposition was restrained by oxygen content 
when the flue gas increased from 1% to 8% and improved 
by the reaction when the temperature increased from 
1073.15 K to 1273.15 K; 
(3) With the increase of injected sawdust pyrolysis gas, 
N2O reduction rate was increased, among which 1.35% was 
converted into NO, while 0.0075% was converted into NO2. 
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